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http:WHAT THIS PAPER ADDS
Existing literature highlights the priority of improving patient safety, recognising and avoiding errors. Previous
research by the group has evaluated the pattern of errors seen in vascular procedures. Measuring error
effectively and efﬁciently, including errors by the entire team, is essential for quality improvement. This work will
help teams to measure errors without the need for dedicated research programmes and inform future multi-
disciplinary led interventions to reduce risks of endovascular interventions at a local level.Background: The unique and complex vascular and endovascular theatre environment is associated with
signiﬁcant risks of patient harm and procedural inefﬁciency. Accurate evaluation is crucial to improve quality. This
pilot study attempted to design a valid, reproducible tool for observers and teams to identify and categorise
errors.
Methods: Relevant published literature and previously collected ethnographic ﬁeld notes from over 250 h of
arterial surgery were analysed. A comprehensive log of vascular procedural errors was compiled and twelve
vascular experts graded each error for the potential to disrupt procedural ﬂow and cause harm. Using this
multimodal approach, the Imperial College Error CAPture (ICECAP) tool was developed. The tool was validated
during 21 consecutive arterial cases (52 h operating-time) as an observer-led error capture record and as
a prompt for surgical teams to determine the feasibility of error self-reporting.
Results: Six primary categories (communication, equipment, procedure independent pressures, technical, safety
awareness and patient related) and 20 error sub-categories were determined as the most frequent and
important vascular procedural errors. Using the ICECAP, the number of errors detected correlated well between
two observers (Spearman rho ¼ 0.984, p < 0.001). Both observers identiﬁed all moderate or severe errors
similarly and categorised all but 4/139 (2.9%) of the total errors in an identical fashion. Self-reporting of errors
without prompting identiﬁed a mean of 24.4% (range 0e50%) of all recorded errors, whereas surgical teams
reported a mean of 69.7% (range 50e100%) of errors when ICECAP error-category prompts were used.
Conclusion: The ICECAP tool may be useful for capturing and categorising errors that occur during vascular/
endovascular procedures. ICECAP may also have a role as an error recall prompt for self-reporting purposes by
vascular surgical teams.
 2012 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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An adverse event, deﬁned as an unintended injury resulting
from medical or surgical management leading to prolonged
hospital stay, disability or death,1 are thought to affect over
10% of hospitalised patients in the United Kingdom.2 Theresponding author. S.L. Mason, Vascular Secretaries Ofﬁce, Waller
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//dx.doi.org/10.1016/j.ejvs.2012.11.028rates of iatrogenic fatality are estimated to be several fold
higher than deaths from road trafﬁc accidents.3 These
events affect patient outcomes and have signiﬁcant health
economic implications.4 Moreover, up to a half of adverse
events are thought to be preventable.2
As a result of the high-risk patient population, high
frequency of urgent procedures and increasing role of
endovascular interventions, the vascular operating room is
a complex, multidisciplinary clinical environment.5 The
incidence of preventable adverse events in vascular surgery
has been found to be signiﬁcantly higher in comparison to
many other major surgical procedures.6 Abdominal aortic
aneurysm repair and lower limb bypass graft surgery have
S.L. Mason et al. 249some of the highest adverse event rates of 18.9% and
14.1% respectively.6 This increased adverse event rate is
also high when comparing abdominal aortic aneurysm
repair to other major abdominal procedures such as colon
resection, which has a lower adverse event rate of 5.9%.
There has been a recent paradigm shift in perceptions of
error aetiology. The traditional ‘person model’ implicating
an individual team member as the prime cause of an
adverse event, has been largely superseded by a ‘systems
model’.5,7e9 This encompasses a broader set of factors
including the interactions between the members of the
surgical team, equipment used and the work environment.
Surgical errors have been commonly associated with team-
work ineffectiveness10 and communication failures resulting
in poor surgical outcomes.11 Previous research by our group
has found that the incidence of these failures is ampliﬁed
within the endovascular environment.13 Clearly, recognition
and avoidance of errors is essential to improve patient
safety in healthcare. Previous studies analysing the occur-
rence of errors within surgical procedures have utilised
methods that are labour intensive, inefﬁcient and imprac-
tical for widespread application.13 The aim of this pilot
study was to design a practical, effective and reproducible
tool for observers and teams to identify and categorise
errors in complex arterial surgery.METHODS
The study was undertaken in a tertiary level vascular unit
(St. Mary’s Hospital, London). Ethical approval was not
required as this was an observational study rating operating
team performance and no identiﬁable patient data were
collected. The decision was formally discussed and
approved by the National Research Ethics Service.
This was a prospective observational study, which
comprised of 2 phases:Phase I e design of Imperial College Error CAPture
(ICECAP) tool
The ICECAP tool was developed from a multi-modal inves-
tigation into the most frequent and signiﬁcant sources of
error during vascular and endovascular procedures.
Stage A: identiﬁcation of common error types. Ethno-
graphic ﬁeld notes, previously collected by independent
observers (SP, MA),14 in over 250 h of complex arterial
surgery were used to compile an exhaustive log of errors
occurring during operations, encompassing all components
of the vascular surgical environment. Using data from the
published literature on patient safety in other specialties
the list of possible errors was supplemented for
completeness (adding important errors that did not occur in
our ethnographic ﬁeld notes, such as wrong site surgery).
For the purpose of this study only arterial procedures were
included. Errors identiﬁed within ﬁeld notes were cat-
egorised independently by three experts (CVR e Vascular
Clinical Lecturer, MSG e Post CCST Specialist Registrar, CDB
e Clinical Senior Lecturer) according to their primarycategory, error mechanism and the individual item/
circumstance.
Stage B: assessment of error signiﬁcance. To determine the
relative importance of these errors types, a questionnaire
was designed to rate errors using a 5-point scale the
following parameters (Appendix 1):
a) ease of resolution of the error (1¼Where the error was
judged as easy to resolve using simple measures,
3 ¼ Moderately difﬁcult to resolve, requiring the
involvement of multiple team members, 5 ¼ Almost
impossible to resolve, requiring the involvement of
multiple team members)
b) potential of the error to lead to patient harm
(1 ¼ Almost never leads to harm if not resolved,
3 ¼ 50% of the time leads to harm if not resolved,
5 ¼ Almost always leads to harm if not resolved)
c) potential of the error to cause delay (a score of 1 was
assigned for less than 10 s delay, 2 for greater than
10 s and less than 1 min delay, 3 for a 1e5 min delay, 4
for a 5e30 min delay and 5 for a greater than 30 min
delay)
Twelve members of the vascular surgery multidisciplinary
team (3 consultant vascular surgeons, 7 senior vascular
surgery specialist registrars, 1 consultant interventional
radiologist and 1 specialist vascular nurse) were asked to
complete the questionnaires.
Development of ICECAP tool. Results from stages A and B
were combined to form the initial design of a prototype
ICECAP tool. Four members of the research team (SM, CDB,
CVR, MSG) grouped similar error types (taking into account
type and signiﬁcance) and together determined the ﬁnal
design of an error capture form.
There was a two-week induction period in theatre where
the observers (SM e medical student and SK e Vascular
FY1) were trained in recognising errors and in common
vascular surgical techniques, but did not collect error rate
data. This period was also thought necessary to reduce the
‘Hawthorne effect’ (the effect on attitude and behaviour
when an observer is present).
Real-time observation was carried out in ﬁve complex
cases using the ICECAP prototype in order to evaluate the
ability of categories to capture errors and to enhance the
usability and design features of the ICECAP tool.
Phase II e validation
Consecutive complex arterial procedures performed within
the study setting over a 4-week period (MayeJune 2011)
were used in the validation phase.
The operating room personnel were informed that the
observer(s) were conducting patient safety research and
that no identiﬁable information would be recorded. Data
were only recorded in procedures in which all theatre staff
provided verbal consent for the presence of the observer.
For each case, the procedure type, operative duration and
number of team members present was recorded.
250 European Journal of Vascular and Endovascular Surgery Volume 45 Issue 3 March/2013The study population was limited to elective open and
endovascular operations performed on vascular surgery lists
to maintain a homogenous study environment. Emergency
procedures were excluded from this study.
(i) Inter-observer variability
The reproducibility of ICECAP was evaluated prospec-
tively by two independent observers in 10 complex arterial
surgical cases. Prior to case observation and data collection,
each observer was given ICECAP record sheets and
instructions for use (Appendices 2 & 3). The observers were
blinded to each other’s observations, and did not confer
during the collection periods. Both observers were posi-
tioned to ensure that all team members in the operating
room were visible at all times. The observers did not
obstruct or communicate with the team members.
Errors were deﬁned as events in which a sequence of
actions initially failed to achieve their intended outcome
(adapted from Reason’s deﬁnition).12 Errors were recorded
and categorised (using the ICECAP tool) from the time the
ﬁrst incision was made to the skin closure. Each error event
was graded using a 0e5 point scale according to the
procedural delay caused by its occurrence and ease of its
resolution. For delay the error was graded as 0 for those
that did not have an effect on the procedural ﬂow, 1 for
those with a mild effect on procedural ﬂow and no impact
on key tasks, 3 for a moderate impact on procedural ﬂow
and 5 for a severe impact on procedural ﬂow with resulting
major delays. For ease of resolution a score of zero was
assigned to errors that required no resolution, 1 for those
which were easy to resolve using simple measures, 3 for
those that were moderately difﬁcult to resolve requiring the
involvement of multiple team members and 5 for those that
were almost impossible to resolve requiring involvement of
multiple team members. These scores were used to deter-
mine whether the most important errors were captured by
observers using this tool.
The mean value of the delay and resolution scores
recorded by each observer was calculated for each error.
Inter-observer concordance was calculated for errors
detected by observers.
(ii) Team recall exercise
In addition to the use of ICECAP as an error capture
record, it was also used to prompt team members to recall
adverse events immediately after the operation. Observer 1
conducted post-procedure interviews with the main oper-
ating surgeon, assistant surgeon, anaesthetist and nursing
staff.
Firstly team members were asked to recall errors, causes
of delay, interruptions to the ﬂow of the operation and any
events that could have resulted in patient harm from
memory, without any prompt. Following disclosure, team
members were asked to recall errors systematically using
ICECAP categories as verbal prompts. The errors reported
without prompt were categorised retrospectively by an
independent analyst (MG).Data recording and statistical analysis. Errors recorded on
the ICECAP record were entered onto a database (Microsoft
Excel 2011). An independent vascular expert (MSG) identi-
ﬁed ‘true errors’; those classiﬁed as non-errors were
excluded from the analysis of results. The number, vari-
ability and severity of ‘true’ errors identiﬁed were analysed.
Statistical analysis was conducted using Statistical Package
for the Social Sciences version 19.0 (SPSS, Chicago, IL, USA).
To assess correlation of total errors between observer 1 and
2, Spearman’s correlation coefﬁcient was calculated. Inter-
observer variability of error categorisation was assessed by
calculating the Kappa statistic. Mean scores for delay and
resolution were calculated for each error. Speciﬁcally for
those errors that were identiﬁed by observer 1 and 2, the
interobserver variability in grading delay and danger was
calculated using Cronbach’s alpha statistic. The variation
coefﬁcient was calculated according to the formula: (SD of
the mean difference/O2) multiplied by 100 divided by the
pooled mean values. Comparisons were made between the
numbers of errors identiﬁed by Observer 1 (using the ICE-
CAP tool), the team recall method without prompts and the
team recall method with ICECAP category prompts.
RESULTS
Phase I e design of Imperial College Error CAPture
(ICECAP) tool
Identiﬁcation of common error types. 107 circumstances
and 25 mechanisms by which errors could occur were iden-
tiﬁed.These were classiﬁed into 8 distinct primary categories:
(i) equipment, (ii) workspace conﬁguration/ergonomics, (iii)
team factors, (iv) communication, (v) procedure-indepen-
dent pressures, (vi) safety, (vii) patient factors and (viii)
technical factors. These categories were further divided into
common mechanisms and individual item/circumstance.
Assessment of error signiﬁcance. The results of our ques-
tionnaire demonstrated that team members felt that
increased error importance in terms of delay and danger was
associated with equipment, communication and procedure-
independent factors. Workspace conﬁguration/ergonomics
were thought to be less likely to cause patient harm and
therefore not included as a distinct category. Errors within
team factors and communication were strongly linked and
were therefore combined into one category.
The prototype record was evaluated in ﬁve cases and
identiﬁed minor practical difﬁculties concerning its design
resulting in modiﬁcations being made. All errors identiﬁed
were captured in the format of this record and so no further
changes to the error categories were made. This led to the
creation of the ﬁnalised ICECAP record and a corresponding
‘instructions for use’ sheet detailing a worked example and
concise deﬁnitions (Appendices 2 & 3).
Phase II e validation
Procedures assessed and errors observed. Real-time
observation was carried out by a single observer (SM e
observer 1) unrelated to the surgical team using the ICECAP
S.L. Mason et al. 251record in a total of 21 complex arterial vascular cases, The
team provided informed verbal consent in all procedures.
These included: 6 carotid, 4 femoral distal, 3 abdominal
aortic, 4 thoracic aortic procedures, and 4 ‘other’ proce-
dures (2 femoral endarterectomy and 2 arteriovenous
ﬁstula formation). 15 cases were open surgical and 6 were
combined open/endovascular. The total observational time
was 54 h and 9 min over a 4-week period.
Observer 1 identiﬁed and categorised 256 errors. Equip-
ment errors were identiﬁed as the most common category,
accounting for 105/256 (41.0%) errors of which de-steri-
lisation and unavailability were the most common causes.
Procedure-independent pressures including distractions to
team members and external pressures (e.g. time pressure
due to large case load) accounted for 62/256 (24.2%) errors,
of which distractions were the most common cause. Safety
checks not being carried out and violations were least
frequently reported accounting for 4/256 errors (1.6%).
Inter-observer variability. The reproducibility of ICECAP was
assessed in 10 of the total 21 cases by two independent
observers (SM e observer 1 and SK e observer 2). These
cases included: 2 carotid, 3 femoral distal, 2 abdominal
aortic, 2 thoracic aortic, and 1 arteriovenous ﬁstula
formation. The total observational time was 28 h and 6 min.
A combined total of 139 independent error events were
identiﬁed by both observers in total. Observer 1 recorded
115/139 (82.7%) and Observer 2 recorded 108/139 (77.7%).
There was a strong inter-observer correlation of the total
number of errors identiﬁed per case, with a spearman
correlation coefﬁcient of 0.984, p< 0.001. Observer 1 and 2
identiﬁed the same error event correctly 66.2% of the time
(92/139 errors), with a kappa value<0.5, demonstrating low
inter-observer concordance for individual error events.
However, 100% of errors with delay and resolution scores
greater than or equal to 2 were identiﬁed by both observers.
This suggests that the observers identify every moderate and
severe error using the ICECAP record. There were 4/139
(2.9%) error events that were categorised differently by the15
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Figure 1. A bar graph showing the frequency of errors within each prim
team recall without prompts and team recall with ICECAP prompts isobservers using the ICECAP error categories. For those errors
that were identiﬁed by both observers, the interobserver
agreement for delay and resolution grading was acceptable
(Cronbach’s alpha ¼ 0.793 and 0.870 respectively). The
variation coefﬁcient was 34.36% and 46.41% for delay and
resolution respectively.
Team recall exercise. Post-operative team recollection of
errors was tested in 17 cases observed. These included: 6
carotid, 1 femoral distal, 2 abdominal aortic, 4 thoracic
aortic, 2 femoral endarterectomy and 2 arteriovenous
ﬁstula formation cases. The total observational time was
42 h and 47 min.
Observer 1 identiﬁed a total of 188 errors during these
17 cases. 46/188 (24.4%) of errors were identiﬁed without
the use of ICECAP prompts by post-operative team recall.
The mean percentage of errors recalled by teams without
prompting in each case was 19.9% with a range of 0e50%.
131/188 (69.7%) of errors were identiﬁed when using
ICECAP category prompts. The mean percentage of errors
recalled by teams with prompting in each case was 69.9%
with a range of 50e100%. The use of ICECAP category
prompts was shown to increase the number of errors the
team recalled in all categories (Fig. 1). Teams recalled
79.0% of errors with delay and resolution scores greater
than or equal to 2 and 34.2% prior to prompting. Therefore
over twice as many moderate to severe errors were iden-
tiﬁed using ICECAP prompting compared with no prompt-
ing. The difference in the number of errors identiﬁed by
observer 1 and team recall was found to be signiﬁcant for
equipment and procedure-independent pressure categories
(Table 1). Whilst these are the most commonly occurring
errors, they have relatively insigniﬁcant delay and resolu-
tion scores.
DISCUSSION
It has long been recognised that safety of patients under-
going surgery is of vital importance.2,6 A landmark paper
providing evidence for a ‘surgical safety checklist’ by Haynes6
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encourage a responsible safety culture and provide a widely
applicable tool to monitor safety in the operative environ-
ment. This vital addition to the surgical routine has
undoubtedly saved lives. The checklist is by necessity,
however, applicable to all specialties and general in its
nature. Previous research conducted by our group after this
intervention, has assessed the landscape of errors occurring
speciﬁcally during vascular and endovascular procedures14
and the feasibility of a targeted approach to reducing the
particularly high error rates by conducting a pre-procedure
rehearsal.15 However, methods used were labour-intensive
and impractical for large-scale studies. The ICECAP tool has
been designed to reﬁne the process of error capture,
reporting and categorisation. In this pilot study we have
also introduced the tool as a method for error self-report-
ing, which may allow categorisation of errors by teams and
simple quality improvement interventions to be designed.
The errors recorded in this study were similar to the
pattern of errors shown in previous research.14 The ICECAP
record was shown to be an effective and reproducible tool
for capturing moderate and severe errors. Observers
demonstrated a 100% concordance rate for capturing
signiﬁcant errors. In addition, categorisation of errors was
similar for both observers. For minor error detection, the
consistency of error reporting was less effective. This may
be due to differences in clinical experience between the
two observers, ergonomics in terms of their position in the
operating room during data collection or differing views on
what constituted a minor error or insigniﬁcant events.
In assessing the usefulness of this tool to allow individual
teams to capture errors, the use of ICECAP category
prompts was shown to improve error recall by teams in all
categories by approximately 40%. Importantly, the collec-
tion of errors post-procedure was carried out as a team-
based approach which the authors feel is necessary for
error capture and also in emphasising the importance of
a team-based approach. All team members provided
informed consent to participate in the study, illustrating the
safety culture of the theatre. Using this error categorisation
tool, it is clear that teams can be prompted to remember
and record errors that occur during the procedure. TheTable 1. Table showing the number of errors identiﬁed by observer 1 a
prompts among the distinct primary categories. The number of errors id
using the Wilcoxon Signed Rank Test.
Category Total errors
observer 1
Team recall
without prompts
Team rec
with pro
Equipment 79 15 50
Communication 17 6 10
Procedure
independent pressures
40 7 26
Technical 21 9 19
Safety 3 2 3
Patient related 21 6 20
Other 7 1 3
n ¼ 17.Wilcoxon Signed Ranked Test.ICECAP team recall could have further applications as
a team-led tool for team recollection of errors.
The Institute of Medicine stated in 2001 that “the biggest
challenge to moving towards a safer healthcare system is
changing the culture from one of blaming individuals for
errors to one in which errors are treated not as personal
failures but as opportunities to improve the system and
prevent harm”.16 In order for errors to be identiﬁed and for
implementations to be designed, recognition of errors and
the low rates of adverse event reporting8 must be
improved. The ICECAP tool may have the potential to
embed error awareness into clinical practise if it is used on
a regular basis and ideally, could aid in the encouragement
of an open and honest culture of error reporting. Our study
is unable to identify whether there were improvements in
error rates by the department as a result of increased error
awareness using this tool due to its small size and variability
in case load. This is of great importance however and should
be the focus of further work.
There are a number of unanswered questions that arise
from this study. As detailed within the methods, the ICECAP
tool was used in the categorisation and recall of errors that
occurred from the ﬁrst incision to skin closure. As errors in
patient management occur outside the operating theatre,
this approach can be seen as a signiﬁcant limitation.
However, it is well known that errors occur in all aspects of
patient care. This study focused on intra-operative errors
and improving outcomes in a high-risk environment. The
recording of errors from the admission of patients to the
ward to the end of surgery would give a more complete
picture of an individual patients journey, but would present
considerable practical challenges. It is questionable whether
omissions that are identiﬁed in routine safety checks such
as the WHO “time out” checklist should be classiﬁed as an
error. Errors that had an impact on the course of surgery
(e.g. lack of cross matched blood) were captured in our
study. A future avenue for work could be looking at factors
outside the operating theatre. In addition, it was not
possible to investigate emergency procedures during this
pilot study. Further work in this area would allow compar-
isons to be made with elective procedures, giving an eval-
uation of error frequency in different situations and providend the number of errors identiﬁed by team recall with and without
entiﬁed within each group was compared for statistical signiﬁcance
all
mpt
Observer vs
team recall
without prompts
Observer vs
team recall
with prompts
Team recall with
prompts vs team
recall without prompts
0.0011 0.0024 0.001
ns ns ns
0.0016 0.0029 0.0036
ns ns 0.0177
ns ns ns
0.0032 ns 0.0028
ns ns ns
S.L. Mason et al. 253an interesting insight into the potential for error in acute
surgery. Lastly there is a question as to whether the results
of this study are transferrable to other units. Certainly in
our unit, we have now completed a number of studies on
error in surgery and the initial reservations of staff have
largely been overcome. One would assume that a training
period (with an observer) would allow all units to be able to
use the tool in the manner intended, the culture of oper-
ating staff is one of ‘no blame’ and all are aware of the
importance of patient safety.
The limitations of this study must be considered. Firstly,
the variability and small number of cases implies that
conclusions drawn from this pilot study must be interpreted
with caution.
In the design of the ICECAP tool, the team members were
asked to complete a questionnaire. 1 nurse and 1 inter-
ventional radiologist completed 2 out of the 12 question-
naires. This small number completed by these crucial
members of the multi-disciplinary team and is therefore
a limitation of the study as this potentially could have
inﬂuenced the design of the tool.
The inﬂuence of the grade/experience of the observer on
error capture and collection remains unclear, although it
would seem reasonable to assume that technical errors may
be missed by an inexperienced observer. Nevertheless, it is
encouraging that two independent observers captured and
categorised moderate and severe errors with good concor-
dance and signiﬁcant errors picked up by the experienced
team members were similar to those of the observers.
Unfortunately, it was not feasible for senior staff to observe
and record errors as they already had essential roles in the
procedures. It would be interesting to compare the capture
of errors between observers of opposite vascular experience
level. A corresponding strength of the use of the ICECAP tool
for team recall is that it allows contribution from all team
members who are of various roles and levels of experience.
In addition, and despite a preliminary phase to data
collection, the results may have been inﬂuenced by the
Hawthorne effect. This refers to phenomenon in which
individuals improve or modify their behaviour purely
because they are being observed.17 The operating room
staff members involved in this study have had previous
experience of being observed. The observer was present in
a number of procedures prior to the collection of results to
help mitigate this effect. Within our institution the addition
of observers to the operating theatre environment is
a frequent occurrence. One would hope that this culture
means that there is less of a Hawthorne effect. However, we
accept that when using direct observational methods in
theatre, there will always be some effect. Since the primary
aim of this study was to assess the error capture record
rather than the error rate itself one could argue that the
conclusions of the study are valid without having to perform
a study where teams are not aware of observation.
The same observer bias may also have an effect on the
team recall rate. If teams know they are to complete an
error capture record and it is being “assessed” they may
remember more errors that occur as a result. Therefore, ifthis record is used independently by teams it may still be
that important errors are missed.
Finally, the reasons that team recall was not feasible in all
cases must be considered. The precluding factor identiﬁed
was time pressure, determined by theatre list activity and
availability of team members after the case. However, as we
have demonstrated, through promoting safety culture and
integrating ICECAP for team recollection of errors within the
theatre environment, these barriers can be overcome and
team compliance enhanced.
CONCLUSION
The results of this study suggest that the ICECAP tool may
be a valid instrument for the identiﬁcation of errors in the
vascular and endovascular theatre environment when used
by an observer as a contemporaneous record. The ICECAP
tool can be used to capture and categorise errors intra-
operatively and to provide real-time feedback to staff team
members on their performance as a team. The time efﬁcient
quantiﬁcation of errors could be applied to assess the
impact of interventions to reduce error rates. It can also be
utilised as an ‘aide-mémoire’ to prompt team members in
their recollection of errors post-operatively. This can lead to
improved self-reporting and potential widespread moni-
toring of errors by individual teams for clinical improvement
and research purposes. To our knowledge, ICECAP is the ﬁrst
error capture tool to be developed for use in vascular and
endovascular surgery and its novel application as an aid to
team recall is a promising avenue for future work.
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